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Abstract of J P 8227041 (A) 

PROBLEM TO BE SOLVED: To provide a 
deformable beam deflectably supporting a mass for 
a micro-mechanical device. SOLUTION: A 
monolithic micro-mirror device 10 integrated to be 
address- specified is formed by sputtering. The 
micro-mirror device 10 contains a mass or a mirror 
12 supported by one or more beams 18a formed by 
sputtering and selective etching and capable of 
being selectively applied with electrostatic 
deflection. The beams 18a are made of a 
conductive inter-metal aluminum compound or a 

mixture of two or more compounds having a % 'f * ' 

relatively high melting point and a primary sliding j^, — 5* — — — — J^* > * , <H , 

qvqtpm smallpr than an FCC rrt/'ifpf <atr<irturA anH " i i..-*;-; — ;_LiJ. — iS-JLj . — 



system smaller than an FCC crystal structure and 
capable of being etched. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the InventionjThis invention relates to the micro mechanical device which has a component of the 
beam, the shape of i.e., a hinge, improved especially about the micro mechanical device which has the 
improved beam. This invention about the monolithic and micro mirror device which were especially 
integrated electrically so that addressing was possible the electric and mechanical element, Sputtering 
technology, various metal layers and an oxide layer, photoresist, It may be formed using a liquid and plasma 
etching, the technology that plasma-strip-processed and was related, and a substance, An electrostatic 
deflection possible mirror selectively [ the device ] 1 or the cantilever of the improved shape of a hinge 
beyond it, And/or, it is supported by the torsion beam formed of sputtering and selective etching, and the 
beam shows strong increase and mitigation of relaxation, even if it does not make an essential large namely, 
change from the typical process process adopted in order to create the non-changing device of other 
methods. 
[0002] 

[Description of the Prior Art]The micro mechanical device of various form is known. Such a device is 
provided with two or more micro mechanical spatiaHight-modulation machines (spacial light 
modulator;"SLM") which have the pixel formed electrically, two or more mirrors, i.e., antenna reflector, 
which can be deflected [ that addressing is possible and ]. These SLM(s) are the transducers which can 
modulate incident light corresponding to an electric and/or optical input. SLM can modulate incident light 
about a phase, intensity, polarization, and/or a direction. 

[0003]This invention relates to SLM of the above-mentioned form called two or more digital micro mirror 
devices or a deformable mirror device (deformable mirror device; "DMD"). SLM DMD relevant to this 
invention may be used for various devices like a printer, an image system, the Xerographic duplication 
system, and the Digital Video system. US, 5,041, 851, B transferred common to these people, No. 4,728,185, 
No. 5,101,236, and No. 5,079,544 should be referred to. 

[0004]US,5,061,049,B transferred common to these people and No. 5,096,279 (henceforth "049" and "279") 
are indicating the structure and the method of manufacturing a desirable micro mechanical device, 
especially DMD SLM. Usually, typically, the deviation supported by the deformable beam is possible for a 
micro mechanical device, namely, it is provided with movable mass. According to "49", DMD SLM can be 
relatively provided with the array, i.e., the matrix, of two or more plate-like metal mirrors, i.e., an antenna 
reflector, thickly and on the whole, and can constitute "mass." Each mirror contains the layer of the 
aluminum formed by sputtering and selectivity etching or an aluminum alloy (0.2 to 0.5%), for example, 
aluminum(98.5 to 98.8%):Si(1%):Ti. 

[0005]These mirrors exist in the comparison target which was similarly constituted by sputtering and 
selectivity etching, and was formed on a film. Each mirror is supported from 1 or the beam beyond it. these 
beams are eventually supported by 1 , the spacer beyond it, or post for which the thing which carries out 
the distraction across each mirror boundary, and which is comparatively alike, contains two or more copies 
of a film, and consists of photoresist or metal continuously may be used. If these spacers or posts are 
defined by two or more wells under a mirror, or it is separated and these mirrors are deflected selectively, 
it can move from these wells or these. Then, a spacer or a post, and a well are formed by metal, an 
insulation, selectivity deposition of photoresist lamination and removal, or patterning. 
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[0006]The regular position which the DMD mirror which is not deflected has on that is, [ "level" ] and a 
well, and becomes almost parallel to a substrate can be taken, and DMD is formed on this substrate or in 
inside. Each mirror arranged vertically reflects the light which enters in the 1st direction. This mirror can be 
selectively deflected from that norma! position value by impressing selectively an electrostatic 
predetermined suction force or repulsive force. The mirror which can be deflected may rotate from "the 
nonaqueous common one" from a horizontal direction, or the level. Each mirror which can be deflected 
modulates the light which entered by deviating in the 2nd direction depending on existence of the quantity 
of a deviation, therefore the impressed electrostatic force, and/or strength. 

[0007]If a mirror is moved from the normal position value, the beam (beam of them) will be changed and 
potential energy will be stored up in this. The accumulated potential energy will try to return a mirror to the 
norma! position value, if electrostatic force is removed. The beam (two or more beams) which supports a 
mirror is deformable by the combination in both modes called cantilever mode, torsion mode, or deflection 
mode. 

[0008]the alternative electrostatic deflection of the mirrors of an array, or those matrices — a substrate 
top or the inside of a substrate — and it performs selectively by the joint array or matrix of two or more 
electrodes located in the pars-basilaris-ossis-occipitalis top of a wall, or a pars basilaris ossis occipitalis. 
The voltage which generates the selected electrostatic force is selectively impressed to two or more 
electrodes by MOSFET or two or more electric related components functionally relevant to same two or 
more elements and two or more electrodes. These circuit element and two or more components are 
typically formed on a substrate and in inside of the traditional process technology which manufactures an 
integrated circuit. In particular, a mirror, a beam, a post or a spacer, and an electrode are preferably formed 
in the monolithic integrated in silicon or other substrates and on the substrate of typical CMOS or the 
same technology with MOSFET or other two or more elements, and the component relevant to these. 
[0009]In an extensive examination and analysis of the micro mechanical device of the above-mentioned 
form, the intensity of a beam shows that it is not enough for it to be equal to the relaxation (phenomenon 
known also as "creep" or "modification"), and be equal to subsequent use. Relaxation of such a beam is 
concluded as the malfunction of micro mechanical DMD SLM and other same micro mechanical devices, for 
example, the thing for which a relaxation beam holds a mirror to a normal position value when the 
electrostatic suction force impressed to this does not exist — or it cannot return. In the operation of those 
other than the regular position, the mirror can reflect incident light in addition to the 1st or 2nd destination. 
Therefore, relaxation of a beam results in the abnormal conditions which incident light does not mean. Even 
if it does not bring the result that moreover relaxation does not return a mirror to the normal position value 
correctly, when the relaxation in the beam (two or more beams) of a mirror impresses predetermined 
voltage to an applicable electrode, it can bring a result from which a mirror is not deflected by the adequate 
amount. Here, it concludes in modulating incident light un-properly. 

[0010]The beam in which the influence of strength and relaxation is smaller than the beam which consists 
of aluminum alloys is known. For example, SLM developed in the first stage related to the above-mentioned 
form was using the beam shape component which consists of silicon oxide (US,4,356,730,B, No. 4,229,732, 
and No. [ 3,886,310 ] reference thing). Creating the beam (two or more beams) of a DMD mirror from a 
substance smaller, strength and relaxation of creep, i.e., influence, than the above-mentioned aluminum 
alloy was also proposed. However, the process sequence and substance which are used now in order to 
create DMD containing those addressing circuits and a machine plurality element if such a substance is 
used. (For example, an etching reagent) will need a substantial or fundamental change, makes the 
complexity of a process increase, and has a possibility that a subordinate increase may be brought about in 
the cost of creation of DMD. 

[001 1]Other proposals are related with manufacturing a beam like alumina by the multilayer which carried 
out the alternation of aluminum or the aluminum alloy by lamination of the more powerful substance with 
smaller ductility. Outside lamination is aluminum or an aluminum alloy, therefore the large majority of a 
process step including etching is still the same as that of the above-mentioned thing, and is creating the 
conventional DMD structure. Since alternation lamination is created by interrupting the sputter deposition 
of aluminum or an aluminum alloy periodically, and carrying out sputter deposition of the more powerful 
substance with smaller ductility, this process is complicated so much and it makes a manufacturing cost 
increase. 
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[0012] 

[Problem to be solved by the inventionjThe serious demand of this invention has a beam which is more 
powerful and opposes relaxation, and provides a micro mechanical device like DMD SLM manufactured 
without this beam making the complexity or cost of a DMD process sequence increase substantially or 
intrinsically. 
[0013] 

[Means for solving problemjAccording to this invention, the deformable beam improved for micro 
mechanical devices is provided. This micro mechanical device is provided with the deviation feasible mass 
supported by the beam. A deviation of this deviation feasible mass will change a beam. In a desirable 
embodiment, a micro mechanical device is DMDSLM, and it is movable or a mirror which can be deflected 
which modulates incident light selectively as a mirror deflects said deviation feasible mass. 
[0014]The improved beam is characterized by 1 or the following method beyond it. 
[0015]+ ++ A beam consists of an aluminium compound beyond conductive 1 or it. 

[0016]+ ++ A beam consists of an aluminium compound of general formula Al x Gy However, Q has a high- 
melting point in comparison, and, as for not oxygen but said aluminium compound, shows primary slide 
systems fewer than the primary slide system of 12 by an FCC crystal structure. 

[001 7]+ ++ Q in said feature Gold, calcium, copper, iron, hafnium, Magnesium, niobium, nickel, a scandium, 

cobalt, tantalum, A zirconium, barium, molybdenum, strontium, tungsten, They are a ruthenium, vanadium, 

chromium, iridium, rhodium, lithium, antimony, titanium, cerium, gadolinium, holmium, a lantern, lutetium, 

neodymium, samarium, a terbium, selenium, carbon, arsenic, boron, a phosphorus, or nitrogen. 

[001 8]+ ++ Said beam consists of an electric non-insulating materia! chosen from the group who consists 

of a mixture of said aluminium compound beyond the conductive compound between aluminum metals, 2, or 

it. 

[0019]+ ++ In said feature, Said substance aluminum 2 Au, aluminum 2 Ca, aluminum 2 Cu, aluminum 3 Fe, 
aluminum 3 Hf, aluminum 3 Mg 2 , and aluminum 3 Nb, aluminum 3 nickel, aluminum 3 Sc, aluminum 3 Ta, aluminum 3 Zr, 
aluminum 4 Ba, aluminum 4 Mo, aluminum 4 Sr, aluminum 4 W, aluminurrigRu, aluminurriyCr, aluminumgVg, 
aluminum 9 Co 2 , aluminum g Ir 2 , aluminum g Rh 2 , AILi, aluminum 3 Ti, AITi, AlSb, AlAs, AIP, AIN, AL 3 Ce, 
aluminum 3 Gd, They are aluminum 3 Ho, aluminum 3 La, aluminum 3 Lu, aluminum 3 Nd, aluminum 3 Sm, 
aluminum 3 Tb, aluminum 2 Se 3 , aluminum 4 C 3 , AIB 2 , and AITi+aluminum 3 Ti and a!uminum 3 Ti+AIN. 
[0020]+ ++ Said beam consists of a conductive substance chosen from the group who consists of 
aluminum, the intermetallic compound containing aluminum, a compound containing aluminum and rare- 
earth, and a compound containing aluminum and a nonmetal. 

[0021]In said all features, the beam constituted in this way has influence smaller than the beam created 
from the beam especially aluminum, or the aluminum alloy of conventional technology of strength and 
relaxation. Since the improved beam contains aluminum, the aluminum etching chemistry and the procedure 
which were changed typically for convenience can be used suitably. A beam enables impression of suitable 
potential to a mirror via a beam so that it may be conductivity, therefore may see by DMD of typical 
conventional technology. 
[0022] 

[Working example]US,5,061 ,049,B of phon Bee (Hornbeck) transferred in common with these people when 
drawing 1 was referred to first, And two or more micro mechanical devices in the form of adjoining 
individual DMD 10 the thing of the form shown in US,3,600,798,B to Lee (Lee) may be sufficient as are 
shown. US,4,356,730,B [ as opposed to KADE (Cade) in DMD10 ], US,4,229,732,B to heart SUTAIN 
(Hartstein), What is shown in US,3,886,310,B to the U.S. Pat. No. 3,896,338 item to NATOHANSON 
(Nathanson) etc., guru TOBAGU (Guldberg), etc. is the same. US,5,101,236,B to Nelson (Nelson) etc. by 
whom DMD10 may be arranged at the array as shown in drawing 1 , and inheritance was done common to 
these people, US,5,079,544,B to DEMONDO (DeMond) etc.. And it can use for a system which is shown and 
explained to US,5,041,851,B to Nelson, and US,4,728,185,B to Thomas (Thomas). In the following 
explanation, although DMD 10 is explained as what operates in 2 stability or a digital mode, these may 
operate with other modes like 3 stability or an analog. 
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[0023]As shown in drawing 1 - drawing 3 in outline, each DMD10 is selectively movable or it contains 
deviation feasible mass, In the case of DMD10, this deviation feasible mass is provided with the mirror 
[ movable / the mirror /, i.e., it can deviate, ] 12 which reflects light like [ it is thick in comparison and ] 
massive metal or metal and and, and the addressing circuit 14 (only two are shown.) of the relation which 
carries out the electrostatic deflection of the mirror 12 selectively. The method of forming the array and 
the addressing circuit 14 of the mirror 12 of the top in the common substrate 16 in a monolithic is written 
in the above-mentioned United States Patent specification. Of course, micro mechanical devices other 
than DMD10 described below can use the summary of this invention with sufficient convenience here. 
[0024]Typically, each mirror 12 deviates by movable or rotating on 1 or the beam 18 thin in comparison 
beyond it, i.e., a hinge, supported in one. Although drawing 1 shows the state where each mirror 12 is 
supported by the torsion beam 18a opposing by a radial direction of a couple, Each mirror 12 may be 
supported as mentioned above by the cantilever beam 18b (two form is shown in drawing 4 b.) or the 
deflection beam 18c (one form is shown in drawing 4 c.) beyond 1 or it. Drawing 4 a shows DMD10 of 
torsion beam support of four form. 

[0025]The undercut ****** well 20 (not shown in drawing 1.), It is set between the column components 22, 
and this column component 22 may contain the remains photoresist which remains on the common 
substrate 16, after functioning as some of etching, deposition, and/or implanting masks during formation of 
DMD10. The metal part 23 which encloses the beam 18, two or more mirrors 12 and the beam 18, and the 
mirror 12, and makes the mirror 12 and ****** in outline by the column component 22 is supported. 
[0026]As for each well 20, the deviation of at least some related mirrors 1 2 is adapted by [ for which this 
portion is shown in drawing 3 ] not deviating, i.e., making it movable in the common substrate 1 6 direction 
from a norma! position value, as shown to drawing 2 by direction arrows. The deviation of each mirror 12 is 
performed by suction or rebounding electrostatic force impressed by the electric field which impress the 
suitable potential for the mirror 1 2, and the control electrode 24, i.e., the addressing electrode, of the 
relation located in the well 20, and are generated. This potential is selectively impressed to the control 
electrode 24 and the mirror 12 by the circuit and two or more circuit elements relevant to the addressing 
circuit 14. The mirror 12 is in ground potential typically, and the selected voltage is impressed to the 
control electrode 24 in the meantime. 
The suction force is made to act on the mirror 1 2 by this. 

Repulsive force may be impressed to the mirror 12 by impressing the same polar potential to the mirrors 12 
and these control electrodes 24. 

[0027] drawing 2 — a fictitious outline — and as shown in drawing 3 , when the beam 1 8 is not changed, the 
normal position value of the mirror 12 can be set up. If the beam 18 changes, when the beam 18 is not 
changed, the energy which tries to return to the position which the beam 18 should take will be stored. 
When the mirror 12 is in the normal position value, the light which enters into DMD10 is reflected in the 1st 
position. If the addressing circuit 14 impresses suitable potential, the mirror 12 will be attracted toward the 
control electrode 24 and the common substrate 16 by electrostatic force from the normal position value, or 
will be repelled to this. Therefore, the mirror 1 2 moves or deviates until it engages with the selected landing 
position. 

[0028]Use of the landing electrode 34 is recommended by the above-mentioned "279" United States 
patents. Especially the landing electrode 34 is held at the same potential as the mirror 12, and is used as a 
mechanical stopper for the mirrors 12, therefore sets up the deflecting positions. Engagement of the landing 
electrode 34 and the mirror 12 prevents that the mirror 12 engages with the control electrode 24. Such 
engagement brings a result into which current flows through the mirror 12 for potential difference between 
the mirror 12 and the control electrode 24. Current of this form may make the mirror 12 weld to the control 
electrode 24, or may blow out namely, dissolve the beam 18 thin in comparison. 

[0029]Incident light is reflected in the 2nd position in deflecting positions of the mirror 12. Use equipment 
like a photoconductive drum of a viewing screen or a zero graph printer may take the 1st position in which 
light advances when the mirror 12 is not deflected, or it may be constituted. Light which advances to the 
2nd position may be prevented even if absorbed, or so that the 1st position may not be reached. Of course, 
a role of the 1st and 2nd positions can be reversed, in the above method, since incident light is modulated 
by DMD10, which position should carry out incident light including use equipment — it reaches selectively 
or does not attain. 
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[0030]Each mirror 12 which should relate to the control electrodes 24a and 24b of a couple and the landing 
electrodes 34a and 34b of a couple is shown in drawing 1 - drawing 3 . While DMD10 is operating by 
advance to second base, i.e., 2 stable modes, as mentioned above, each mirror 12 is movable only between 
the regular position which was expressed to drawing 2 by the fictitious outline and which is not deflected, 
and the position rotated to the reverse clockwise rotation as shown in drawing 2. Although not shown in 
drawing 2 , rotation is generated in the reverse clockwise rotation of the mirror 12 until the mirror 12 
engages with the point of contact of the left-hand side landing electrode 34a. When the mirror 12 is in 
desirable earth potentials, rotation to the reverse clockwise rotation of the mirror 12 is performed by 
impressing voltage to the left-hand side control electrode 24a by the addressing circuit 14. In the latter 
phenomenon, even if it removes the right-hand side control electrode 24b and the landing electrode 34b, it 
is not necessary to use it. 

[0031]If the mirror 12 rotates according to electrostatic repulsion, the mirror 12 and the right-hand side 
control electrode 24b will have the same polar potential, and will attain rotation to a reverse clockwise 
rotation shown in drawing 2 . In this phenomenon, the left-hand side control electrode 24a and the right- 
hand side landing electrode 34b are removed, or are not used. 

[0032]an advance to second base in which the mirror 12 may rotate DMD thoroughly further between a 
regular position of a reverse clockwise rotation, and a clockwise rotation position whose mirror 12 engages 
with the right-hand side landing electrode 34b — an operation is made possible by a mode. When it 
operates in this way, the beam 18 which does not change does not set up a normal position value of the 
mirror 12. The mirror 12 in earth potentials rotates to a reverse clockwise rotation thoroughly with 
potential on the control electrode 24a. Potential of the control electrode 24b is whether it has a very low 
value and 0. With suitable potential of the control electrode 24b, the mirror 12 rotates thoroughly a 
circumference of the right-hand side landing electrode 34b clockwise, and potential of the control electrode 
24a is 0 or about 0. 

[0033]the advance to second base which does not have the mirror 12 in earth potentials — in permutation 
of operation, the voltage of different polarity and/or value is simultaneously impressed to the control 
electrodes 24a and 24b, attracts and repels the complementary portion of the mirror 12, and may rotate 
these selectively. When 3 operational stability is thoroughly attained a reverse clockwise rotation or by 
making it rotate clockwise thoroughly in the mirror 12 and both the control electrodes 24a and 24b are 
diminished, these mirrors take the interim regular position set up by the beam which does not change. 
Analog operation is attained by rotating only the quantity which chose the mirror 12 to a reverse clockwise 
rotation and/or a clockwise rotation by impressing the potential which has a suitable value to the control 
electrodes 24a and 24b. In analog operation, perfect rotation of the mirror 12 characterized by the 
engagement of the landing electrodes 34a and 34b is one of the theoretically countless rotary places which 
the mirror 1 2 can take. 

[0034] Drawing 4 a shows various DMD(s) which are supporting the mirror 12 by the torsion beam 18a. 
Various torsion beams shown in drawing J - drawing 3 in outline are included in the upper right. 
As mentioned above, the mirror 12 supported by the torsion beam 18a is pivotable selectively in the 
circumference of the axis of rotation 40 on the torsion beam 18a which is in agreement with the torsion 
beam 18a. The axis of rotation 40 is altogether in agreement with the axis of symmetry of the mirror 12 
except for the thing of a display of the lower right which is not in agreement with the axis of symmetry of 
the mirror 12. In drawing 4 b, the beam 18 is the cantilever beam 18b, and movable at the circumference of 
the vertical axis of rotation 42, i.e., a deviation, is possible for the mirror 12 to the cantilever beam 18b. 
Although not shown in drawing 4 a and drawing 4 b, the control electrode 24 needs to be asymmetrically 
arranged to the axes of rotation 40 and 42 as a clear thing. 

[0035]In drawing 4 c, the beam 18 is what is called the deflection beam 18c, and transforms this by motion 
of the mirror 12 in torsion mode and a cantilever beam mode. Especially each deflection beam 18c is 
twisted, and contains the deformable element 44 and the deformable element 46 in a cantilever beam mode. 
The mirror 12 moves in the shape of a piston by rebounding of the mirror 12 to suction of the mirror 12 or 
the control electrode 24, been mostly parallel to the common substrate 16. 

[0036]When it returns to drawing 1 - drawing 3 , each mirror 12 may contain 2 or the layer beyond it like the 
metal layers 50 and 52 currently illustrated. These metal layers 50 and 52 are selectively deposited in the 
process to perform according to the typical procedure in which it is used in order to manufacture a 
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monoiithic integrated circuit, and may be patternized or etched. Thus, the mirror 12, the beam 18, and the 
addressing circuit 14 may be altogether created by the process process related to mutual [ a series of]. 
Conventionally, the metal layers 50 and 52 all consist of an alloy of aluminum:Ti:Si with the percentage of 
about 98.8:1:2, and the metal layer 50 is about 500 to about 1000 A in thickness. 
And the metal layer 52 is about 3,000 to about 5,000 A in thickness. 

However, other thickness was used. The metal layers 50 and 52 may all be other aluminum alloys or 
aluminum. 

[0037]In order to manufacture DMD, the column component 22 is followed and the metal layer 50 thin in 
comparison accumulates first by sputtering typically on the free face of the layer deposited before. 
Subsequently, the metal layer 52 thick in comparison accumulates on the free face of the metal layer 50. 
Both of the metal layers 50 and 52 in which the thin metal layer 52 except the thin metal layer 50 in which 
the beam 18 should exist should be removed, and the periphery of the mirror 12 and the beam 18 should 
exist by alternative patterning to the metal layers 50 and 52 are removed. The defined access gap 54 exists 
between these peripheries and metal parts 23 of adjacent spaces. Selection patterning of the metal layers 
50 and 52 creates the access hole 56 which passes along both. The well 20 is created like what is 
depended on plasma etching by removing the column component 22 selectively via the access gap 54 and 
the access hole 56. 

[0038]In some embodiments, it seems with it being above that it is preferred to be attained by the column 
component 22 which remains after formation of the well 20 as for support of the beams 18 and those 
mirrors 12. Drawing 5 a shows the support of the form concerned to the cantilever beam 18b of DMD10 
instead of drawing 1 - the torsion beam 18a in DMD10 of drawing 3 . It hides, a hinge, the cantilever beam 
18b, and DMD10 are shown, and the cantilever beam 18b and the mirror 12 are formed [ which some 
drawing 5 b changed and was built ] with the metallic posts 58. These metallic posts 58 are making the 
mirror 1 2 hang on the open areas 60 using the same function as the well 20. Drawing 35 [ of "049" patent 
specifications 3 a - 35e show the 1st method of manufacturing DMD 10 of the form shown in drawing 1 - 
drawing 4 , and drawing 5 a in this Description. In the figure in these "049" patent specifications, the layers 
326 are a ** aluminum layer of SUPARRINGU eventually used as the beam 18, and the ** ARUMINIU layer 
326 of sputtering which forms the mirror 1 2 eventually. In said patent specification, drawing 40 a - 40e 
show other methods of forming DMD10 of this invention. 

The beam 18 is formed from the light aluminum alloy layer 180 by which the sputtering was carried out, and 
the mirror 12 is formed from the light aluminum layer 190 of sputtering. 

[0039]When the mirror 12 is in deflecting positions, the beam 18 is changed, therefore the beam 18 
accumulates energy which tries to return the mirror 12 to a position which the mirror 12 takes, when not 
deviating. Theoretically, when the control electrode 24 is diminished by the addressing circuit 14, as for 
accumulated energy, the mirror 12 is returned to this position. 

[0040]Various DMD10 of the above-mentioned form operated, and they were examined. It is shown that 
such an examination has a possibility that DMD10 may carry out poor operation by some causes, or it 
cannot operate. 

[0041]One cause of poor operation of DMD10 or failure is explained to US,5,096,279,B by which inheritance 
was carried out common to these people. Especially the mirror 12 and the landing electrode 34 engaged 
during a deviation of the mirror 1 2, Since it may stretch and arrive at adhesion, melting, or **, when the 
control electrode 24 is energized simply, and the beam 18 is not changed, a position which the mirror 12 
should take has a possibility that the mirror 12 may stop returning. A special reset signal the mirror 12 and 
the landing electrode 34 stretch mutually, and keep them from reaching or pasting up may be impressed to 
the control electrode 28. Covering these elements with a suitable substance is included in other technology 
of preventing the mirror 1 2 and the landing electrode 34 from stretching and reaching. 
[0042]Other causes of poor operation of DMD 10 or failure are related to those beams 18 being typically 
provided with the metal layer 50 of an aluminum alloy. The beam 18 which boiled the aluminum alloy 
comparatively, and showed small yield stress, and was manufactured after this changes according to time 
for creep, relaxation, or distortion. These phenomena have a possibility of coming to arrange the 
catastrophic failure of the beam 18, breakage, or the mirror 12 in addition to the position expressed by the 
conditions of the addressing circuit 14. 
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[0043]This invention the metal layer 50 of aluminum:Ti:Si or other aiuminum alloys, The aluminium 
compound in which slide systems firmer mechanically and fewer than the primary slide system of 12 of the 
face-centered-cubic ("FCC") crystal structure of the aluminum alloy used aluminum or conventionally are 
shown replaces. These aluminium compounds enable use of the deposition / etching material, and chemical 
action which were changed appropriately identically to what was used for the conventional aluminum alloy. 
Unlike a firmer non-aluminum material, even if some change is required, it is not necessary to receive the 
trial at the time and to separate from the changed chemical action fundamentally from the procedure 
understood well about aluminum. 

[0044]A compound between conductive metals containing aluminum is contained in an aluminium compound 
of this invention. Since DMD of the above-mentioned form needs to impress potential to the mirror 12 via 
the beam 18, conductivity is the important characteristic at the time of processing the beam 18. Like Si0 2 , 
even if this necessary condition is firm with the beams 18, use of a certain kind of non-conducting material 
of it becomes impossible at it. A term "compound between conductive metals" used here means the 
following. 

(A) aluminum and other substances — it is a non-insulation compound electrically — said — others — a 
substance, (1) Cerium, gadolinium, holmium, a lantern, lutetium, Titanium containing NADORINIUMU, 
samarium, and rare-earth like a terbium, Nickel, iron, niobium, tantalum, a zirconium, molybdenum, tungsten, 
Lithium, gold, calcium, copper, hafnium, magnesium, a scandium, Barium, strontium, a ruthenium, chromium, 
vanadium, cobalt, Metal like iridium and rhodium, (2) metal or arsenic and a substance like antimony that 
may be regarded as nonmetallic or (3) phosphoruses, nitrogen, selenium, boron, and a mixture of a 
compound like carbon which it may be nonmetallic and was stated to (B) and (A). 

[0045]A compound which suits a compound between conductive metals which has primary slide systems 
fewer than the aforementioned definition, i.e., FCC, (1) Aluminum and other metal. An included compound. 
aluminum 2 Au, aluminum 2 Ca, aluminum 2 Cu, aluminum 3 Fe, aluminum 3 Hf, a!uminum 3 Mg 2 , and aluminum 3 Nb, 
aluminum 3 nickel, aluminum 3 Sc, aluminum 3 Ta, aluminum 3 Zr, aluminum 4 Ba, aluminum 4 Mo, and aluminum 4 Sr. 
aluminum 4 W, aluminutrigRu, aluminum 7 Cr, aluminum g V 5 , aluminum 9 Co 2 , aluminum 9 Ir 2 , aluminum 9 Rh 2 , AILi, 
aluminumgTi, and AITi, (2) A compound semiconductor containing aluminum (AlSb, AlAs, AIP, and AIN), (3) a 
compound (aluminum 3 Ce and aluminum 3 — ) containing aluminum and rare-earth [ Gd and 3 A compound 
containing a compound (aluminum 2 Se 3 , aluminum 4 C 3 , and AIB 2 ) containing aluminum 3 Ho, aluminum 3 La, 
aluminum 3 Lu, aluminum 3 Nd, aluminum 3 Sm, aluminum 3 Tb, (4) aluminum, and a nonmetal is included. 
aluminum 3 Ti+AIN and aluminum 3 Ti+AITi are contained in a mixture of a thematic intermetallic compound. 
[0046]A desirable compound from an economical and functional Reason, They are aluminum 3 Fe, 
aluminum 3 Nb, aluminum 3 nickel, aluminum 3 Ta, aluminum 3 Zr, aluminum 4 Mo, aluminum 4 W, AlAs, AILi, AIN, AIP, 
AlSb, aluminum 3 Ti, AITi, aluminum 3 Ti+AITi, and aluminum 3 Ti+AIN. 

[0047]AII the above compounds may be simultaneously deposited with a multiplex cathode for convenience 
[ sputtering / from a compound cathode ]. It can use, in order that any technology may control or choose 
the percentage of a compound. The etching substance changed identically appropriately since the above 
compound contained the remarkable or high aluminum component, And etching chemistry (an etching 
reagent, a mask, or a stop) which is used by conventional aluminum and the hinge of the aluminum alloy 
may usually continue being used. For example, sputtering of the compound between aluminum metals in 
which conductivity was defined suitably may be carried out, the layers 326 and 180 in "049" patents may 
be created, and the beam 18 improved by this invention from these layers 326 and 180 may be formed. In 
essence [ in order to create improved DMD or other micro mechanical devices / the process explained in 
"049" patents ], other big change is not required and the deformable beam does not receive relaxation 
remarkable in many hours of use, or the influence of creep. 

[0048]In relation to the above explanation, the following clauses are indicated further. 
[0049](1) In the deformable beam improved including the deviation feasible mass supported by the 
deformable beam for the micro mechanical devices of form in which said deformable beam becomes 
deformable according to the deviation of said deviation feasible mass, The deformable beam which consists 
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of 1 or the conductive aluminium compound beyond it in which said deformable beam has the melting point 
high in comparison, and few primary slide systems with a sufficient FCC crystal structure are shown. 
[0050](2) In the deformable beam improved including the deviation feasible mass supported by said 
deformable beam for the micro mechanical devices of form in which said deformable beam becomes 
deformable according to the deviation of said deviation feasible mass, The deformable beam which said 
deformable beam turns into from the intermetallic compound of 1 or conductive aluminum beyond it. 
[0051](3) The deformable beam given in the 2nd clause which said intermetallic compound has the melting 
point high in comparison, and shows primary slide systems fewer than an FCC crystal structure. 
[0052](4) A micro mechanical device given in the 3rd clause, wherein said micro mechanical device is SLM 
and said deviation feasible mass is a mirror. 

[0053](5) A micro mechanical device given in the 4th clause, wherein an intermetallic compound of said 
conductive aluminum has general formula AI X Q Y and Q removes oxygen. 

[0054](6) A micro mechanical device given in the 5th clause, wherein Q is chosen from a group who 
consists of iron, niobium, nickel, tantalum, a zirconium, molybdenum, tungsten, arsenic, lithium, nitrogen, a 
phosphorus, antimony, and titanium. 

[0055](7) A micro mechanical device given in the 6th clause, wherein said deformable beam consists of a 
mixture of two or more compounds. 

[0056](8) A micro mechanical device given in the 7th clause, wherein said mixtures are aluminum Ti and 
AI 3 Ti. 

[00573(9) A micro mechanical device given in the 5th clause, wherein Q is chosen from a group who 
consists of antimony, arsenic, a phosphorus, and nitrogen. 

[0058](10) A micro mechanical device given in the 4th clause which said aluminium compound is general 
formula AI X Q Y , and is characterized by choosing Q from a group who consists of a metallic element, a rare 
earth element, a nonmetallic element, and a nonmetallic gas element. 

[00593(11) A micro mechanical device given in the 10th clause, wherein Q is the metallic element chosen 
from the group who consists of iron, niobium, nickel, tantalum, a zirconium, molybdenum, tungsten, lithium, 
and titanium. 

[00603(12) A micro mechanical device given in the 10th clause, wherein Q is the nonmetallic element 
chosen from the group who consists of antimony, arsenic, and a phosphorus. 
[00613(13) A micro mechanical device given in the 10th clause, wherein Q is nitrogen. 
[00623Q (14) Gold, calcium, copper, iron, hafnium, magnesium, Niobium, nickel, a scandium, tantalum, a 
zirconium, barium, Molybdenum, samarium, tungsten, a ruthenium, vanadium, Niobium, iridium, rhodium, 
lithium, antimony, titanium, cerium, The micro mechanical device given in the 10th clause choosing from the 
group who consists of gadolinium, holmium, a lantern, lutetium, NADORINIUMU, samarium, a terbium, 
selenium, carbon, arsenic, boron, a phosphorus, and nitrogen. 

[00633(15) In the deformable beam improved including the deviation feasible mass supported by the 
deformable beam for the micro mechanical devices of the form which the deviation of said deviation 
feasible mass makes change said beam, A deformable beam, wherein said beam consists of a substance 
chosen from the group who consists of a compound containing the intermetallic compound containing 
aluminum, the compound semiconductor containing aluminum, the compound containing aluminum and rare- 
earth, and the compound containing aluminum and a nonmetal. 

[00643(16) Said substance, aluminum 2 Au, aluminum 2 Ca, a!uminum 2 Cu, a!uminum 3 Fe, aluminum 3 Hf, 
aluminum 3 Mg2, and aluminum^Nb, aluminum^nickel, aluminum^Sc, aluminum^Ta, aluminum^Zr, aluminum^Ba, 
aluminum 4 Mo, aluminum 4 Sr, The deformable beam given in the 15th clause being aluminum 4 W, aluminurrigRu, 
aluminum^Cr, aluminurngV^, aluminuirigCog, aluminuirigl^, aluminumgRh^, AILi, aluminum^Ti, or AITi. 
[00653(17) A deformable beam given in the 16th clause, wherein said substance is aluminum 3 Ti. 
[00663(18) A deformable beam given in the 16th clause, wherein said substance is AITi. 
[00673(19) A deformable beam given in the 16th clause, wherein said substance is a mixture of aluminum 3 Ti 
and AITi. 

[00683(20) A deformable beam given in the 16th clause, wherein said substance is AIN. 
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[0069](21) A deformable beam given in the 16th clause, wherein said substance is a mixture of AiN and 
aluminum 3 Ti. 

[0070](22) A deformable beam given in the 16th clause, wherein said substance is a compound 
semiconductor containing aluminum. 

[0071](23) A deformable beam given in the 22nd clause, wherein said substance is AlSb, AlAs, AIP, or AIN. 
[0072](24) A deformable beam given in the 16th clause, wherein said substance is a compound containing 
aluminum and rare-earth. 

[0073](25) A deformable beam given in the 24th clause, wherein said substance is aluminum 3 Ce, 
aluminum 3 Gd, aluminum 3 Ho, aluminum 3 La, aluminum 3 Lu, aluminum 3 Nd, aiuminum 3 Sm, or aluminum 3 Tb. 
[0074](26) A deformable beam given in the 16th clause, wherein said substance is a compound containing 
aluminum and a nonmetal. 

[0075](27) A deformable beam given in the 26th clause, wherein said substance is aluminum 2 Se 3 , 
aluminum 4 C 3 , or AIB 2 . 

[0076](28) The deformable beam given in the 16th clause being able to etch by the procedure of using in 
order that said substance may etch the same or same etching reagent, aluminum, and an aluminum alloy. 
[0077](29) A deformable beam given in the 16th clause, wherein said beam is formed of sputtering. 
[0078](30) A deformable beam given in the 16th clause, wherein said substance is more powerful than 
aluminum or an aluminum alloy and the influence of relaxation is small. 

[0079](31) In the deformable beam improved including the deviation feasible mass supported by the 
deformable beam for the micro mechanical devices of form in which said deformable beam becomes 
deformable according to the deviation of said deviation feasible mass, Said deformable beam consists of 
one or the mixture of 2 or the conductive aluminium compounds beyond it, and said conductive aluminum, 
(a) Have the melting point high in comparison, and few primary slide systems with a sufficient FCC crystal 
structure are shown, (b) It can etch by the procedure in which it is used in order to be able to etch with 
the same or same etching reagent and to etch aluminum and an aluminum alloy, (c) The deformable beam 
consisting of one or the mixture of the conductivity aluminium compounds more powerful than aluminum or 
an aluminum alloy beyond 2 with small influence of relaxation, or it. 

[0080](32) Various metal and oxide layers, photoresist, liquids, and plasma etching, The micro mirror device 
10 of the monolithic electrically integrated so that addressing was possible is formed using the sputtering 
technology containing the technology and the substance which plasma-strip-process and are related. The 
mass or the mirror 12 which was supported by 1 or the beam 18 beyond it formed by sputtering and 
selectivity etching and in which an electrostatic deflection is selectively possible is contained in this micro 
mirror device 10. Said beam 18 improves by comprising a mixture beyond 2 or it of the conductive 
aluminium compound between metal, or such a compound. The substance which constitutes the improved 
beam 18 has the melting point high in comparison, The influence of more powerful than aluminum and an 
aluminum alloy and relaxation [ etch / by two or more same or same etching reagent and two or more 
procedures of using in order to show a primary slide system smaller than an FCC crystal structure and to 
etch aluminum and an aluminum alloy / it / and ] is small. Therefore, the improved beam 18 shows strong 
increase and mitigation of relaxation, even if it does not make an essential large namely, change from the 
typical process process adopted in order to create the non-changing device of other methods. 
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CLAIMS 



[Claim(s)] 

[Claim 1]In a deformable beam improved including deviation feasible mass supported by deformable beam 
for the micro mechanical devices of form in which said deformable beam becomes deformable according to 
the deviation of said mass, A deformable beam which said beam has the melting point high in comparison, 
and consists of 1 or a conductive aluminium compound beyond it in which primary slide systems fewer than 
an FCC crystal structure are shown. 



[Translation done.] 
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